LA is an uncommon indolent lesion that may be associated with multifocal disease (local or systemic). The presence of an associated monoclonal lymphoplasmacytic infiltrate and recurrent/multifocal disease in the respiratory or gastrointestinal tract of a few cases and the lack of development of a systemic plasma cell dyscrasia or overt systemic B-cell malignancy suggest that some LA may be the result of an immunocyte dyscrasia or tumor of mucosaassociated lymphoid tissue.
standing of laryngeal amyloid, we reviewed the clinical, pathologic, histochemical, and immunohistochemical properties of laryngeal amyloid and correlated these findings with the patient outcome.
MATERIALS AND METHODS
Eleven cases of laryngeal amyloid for which there was clinical follow-up were selected from the files of the Otorhinolaryngic-Head and Neck Tumor Registry at the Armed Forces Institute of Pathology from the years 1953 to 1990 in a review of 5041 (0.2%) benign or malignant primary laryngeal tumors. We used a cutoff of 1990 to ensure at least 10 years of follow-up.
Armed Forces Institute of Pathology materials were supplemented by a review of the patients' demographics, symptoms at presentation, laboratory results, surgical pathology, and operative reports and by written questionnaires or oral communication with the treating physician(s) or patient. Follow-up data included information regarding the development of systemic or multifocal disease, extent of disease, serum or urine electrophoretic studies, bone marrow results, the specific treatment modalities used, and the current status of the disease and the patient.
Hematoxylin and eosin-stained slides for all cases were reviewed to confirm that established histologic criteria for amyloid were met (4, 9, 13) . Congo red and methyl violet stains were performed on 10 cases. Immunophenotypic analysis was performed on 10 cases using the standardized avidinbiotin method of Hsu et al. (20) with 4--thick formalin-fixed, paraffin-embedded sections. The antibody panel included (mouse monoclonal; Dako, Carpinteria, CA; 1:1000), (mouse monoclonal; Dako; 1:1000), CD20 (L26, mouse monoclonal; Dako; 1:200), CD3 (rabbit polyclonal; Dako; 1:500), and CD45RB (LCA, mouse monoclonal; Dako; 1:160). Predigestion was performed for 3 min with 0.05% Protease VIII (Sigma Chemical Co., St. Louis, MO) in a 0.1 M phosphate buffer at a pH of 7.8 at 37°C
for the , , and CD3. Appropriate positive and negative (serum) controls were used throughout.
RESULTS

Clinical Findings
The patients included eight men and three women, with a male:female ratio of 2.7:1. Their ages ranged from 24 to 65 years, with a mean age at presentation of 37.8 years (median, 36 years). Eight patients were white, one was African American, and the race was unknown in two patients.
Progressive hoarseness was experienced by all patients and had been present from 2 to 60 months, with an average of 19.1 months. Three patients also complained of a husky voice, dysphagia, and changes in phonation. No patient had airway obstruction or presented acutely. On average, there was a shorter duration of symptoms for patients who had amyloid of the false vocal cord (12 months) than for patients who had masses in the true vocal cord alone (34 months) or for patients who had transglottic lesions (38 months). Four patients had evidence of multifocal disease, either at the time of initial presentation or shortly thereafter: three had laryngeal, tracheal, and bronchial tree disease, and the fourth had gastrointestinal disease. The other patients had a negative systemic workup, which included physical examination, laboratory tests, radiologic studies, and biopsies (bone marrow, rectal, or lip).
Treatment and Patient Outcome
All patients were treated initially with surgical excision of the amyloid mass/tumor, with recurrent masses excised as they were discovered. While stripping or laser therapy was used, specific surgical protocols were not available. No adjuvant therapy (radiation, chemotherapy, or immunotherapy) was used in any of the patients.
Follow-up information was available for all patients (Table 1) . Eight patients were either alive (n ϭ 3; mean, 41.5 years after diagnosis) or dead of unrelated causes (n ϭ 5; mean, 29.1 years after diagnosis) without evidence of disease (overall average, 33.8 years after diagnosis) at last follow-up. Six patients manifested either multifocal/systemic or recurrent disease-two patients (both light chain re- 
Pathologic Findings
Macroscopic pathology
Amyloid occupied a transglottic location (n ϭ 6), involved the true vocal cord alone (n ϭ 4), or involved the false vocal cord alone (n ϭ 1) ( Table 2 ). There was extension into the subglottic region in two of the transglottic cases. Five cases occurred bilaterally, and the remaining six were unilateral, divided equally between the right and left sides. Vocal cord mobility was not impaired in any of our cases. The lesions were described as elevated, smooth to bosselated, polypoid (n ϭ 5), mucosacovered, firm masses in the transglottic region. The lesions were more generalized, diffuse to granular, waxy swellings in the supraglottic and subglottic region (n ϭ 6). No surface ulceration was noted. The cut surface reflected the derivation of amyloid [meaning "starch-like" (21, 22) ] and was firm, pale, waxy, homogeneous, and translucent-appearing and ranged from tan-yellow to red-gray. The masses ranged in size from 0.4 to 3.4 cm in maximum dimension, with an average size of 1.6 cm. The transglottic lesions were larger on average (1.8 cm) than masses of the true vocal cord alone (1.0 cm) but were not as large as the mass of the false cord (2.8 cm).
Microscopic pathology
The amyloid presented as subepithelial, extracellular, acellular, amorphous, eosinophilic material ( Fig. 1) . In none of our cases was the amyloid difficult to identify. It was dispersed randomly throughout the lamina propria, sparing the overlying epithelium, and frequently demonstrated a perivascular ( Fig. 2A) and periglandular ( Fig. 2B ) deposition, sometimes completely obliterating the seromucous glands by compression atrophy. A sparse inflammatory infiltrate noted in all cases was composed of lymphocytes and plasma cells with occasional histiocytes and a few giant cells, either at the peripheral margin of or enclosed within the amyloid (Fig. 3 ). Significant cytologic atypia of the lymphoplasmacytic infiltrate was not identified. The foreign body-type giant cells were arranged focally around the periphery of the amyloid deposits in five cases.
Special techniques
Amyloid was confirmed with histochemical techniques (Congo red, methyl violet). Apple-green birefringence under polarized light with Congo red (Fig. 4) proved to be the most reliable and easy-tointerpret technique. Although CD20 and CD3 highlighted B cells and T cells in the sparse lymphoplasmacytic infiltrate, respectively, T cells tended to predominate, especially in the periphery of the amyloid deposits. Immunohistochemical analysis demonstrated light chain restriction of the plasma cells in 3 of 10 cases analyzed ( ϭ 2, ϭ 1) (Fig. 5) .
DISCUSSION
The term amyloid encompasses a family of different types of extracellular, fibrillar protein depos- its. The literature supports that most cases of amyloidosis of the larynx are composed of a protein that is immunologically identical to the variable region of the light chain fragment of immunoglobulin (1, 7-9, 16, 17, 23, 24) and is classified as a fibril type, similar, if not identical, to that of primary amyloid (2, 3, 5, 7, 16, 24 -27) . has been reported with greater frequency, perhaps because light chains have a ␤-pleated configuration similar to amyloid (5, 6, 8, 16) . Although immunophenotyping has become universally available, the "gold standard" for the diagnosis of amyloid remains a tissue biopsy demonstrating characteristic hematoxylin and eosin changes and Congo red birefringence or metachromatic pink-violet staining with methyl violet or crystal violet. The immunoglobulin nature of laryngeal amyloid is accepted, but the source of the immunoglobulin is unclear. The lesion may develop from a localized monoclonal immunoproliferative disorder, in which the plasma cells, which are intimately associated with the amyloid deposits, are thought to produce the light chain immunoglobulin that is deposited as amyloid, rather than represent an inflammatory infiltrate reacting to the deposited amyloid (1, 3, 5, 9, 17, 24, 28 -30) . This intimate association of the lymphoplasmacytic infiltration is different from systemic amyloidosis whereby the plasma cells are spatially separated from the amyloid deposition (2-4, 7, 9, 17, 24, 26, 30) . Many LA cases in the literature have been associated with immunostaining for light chain restriction of both the plasma cells and the amyloid (1, 8, 16, 17) .
The second theory for the amyloid deposition suggests that a circulating precursor protein is deposited in the stroma after a change in the vascular permeability as a result of local inflammation (2, 9, 25, 26, 30) . The plasma cells may be either inciting the inflammation or reacting to the amyloid. There are an insufficient number of cases to implicate chronic inflammation and/or an infectious agent as the cause of organ-specific amyloidosis (1, 9, 25, 30) . In an individual case, the possibility of a circu- lating immunoglobulin protein or a variable portion of a light chain as the source of the amyloid fibrils of immunoglobulin origin must still be considered, even though it seems more likely that it is formed from the contiguous plasmacytic infiltrate (26) .
There have been a variety of classifications of amyloidosis: according to its distribution (localization), clinical type, and the presence or absence of underlying disease and by its precursor protein (immunocytochemical nature) and patterns of extracellular deposition (1-3, 6, 8 -11, 19, 27, 31-33) . A modification of these classification schemes is presented in Table 3 . The three forms of systemic amyloidosis include the primary form, the reactive form, and the familial form. The localized form is rare, with the larynx affected more frequently than any other single site (1, 3, 7, 8, 12, 13 ). Needless to say, although a patient may fit into one of these classes initially, close follow-up is required to rule out the presence of amyloid deposits in other organs. On the basis of our findings and those of the literature (1, 6, 8, 9, 11-13, 19, 26, 30, 34) , it seems that most cases develop as primary amyloidosis (focal), but may occasionally be part of systemic primary amyloidosis.
Almost all patients experience hoarseness or voice changes, usually caused by mechanical factors, conditioned by the size and location of the amyloid. They usually present as adults (1, 7, 8, 10, 13, 17, 19, 31, 35, 36) and, in our series, with a mean age of 37.8 years. Although none of our cases were children, case reports in pediatric patients are documented (8, 12, 13, 16, 18, 19, 36 -38) . The average age of patients in our series who developed recurrence or had multifocal disease was older (45.2 years) than patients who did not develop recurrence (37.2 years), although we do not have an explanation for this finding. Although various investigators have demonstrated either a male or a female predominance, we found a male predominance in our series (1, 6 -8, 10 -16, 19, 23, 25, 27, 29, 31, 35-38) . 2, 3, 6, 8, 9, 11, 15, 16 b Associated with chronic inflammatory (rheumatoid arthritis) or infectious disease; the fibrils (designated AA) are derived from the acute-phase reactant serum amyloid protein; all previous secondary forms.
c As a familial disorder (Portuguese, Japanese, Swedish, or Familial Mediterranean fever); fibrils derived from genetic variant forms of pre-albumin or Protein A.
d In up to a quarter of aged individuals unrelated to other diseases; fibrils derived from plasma pre-albumin (transthyretin).
There does not seem to be a specific location in the larynx that is more frequently affected by amyloidosis; instead, all parts of the larynx can be affected (1, 7, 8, 10, 13, 14, 16, 17, 19, 23, 34 -37, 39) . LA deposition is usually a localized disease but can be part of multifocal and/or systemic disease or secondary to an underlying disease or tumor proliferation (2, 4, 7-10, 13-15, 23, 30) . Multifocal disease was noted in the upper aerodigestive tract in three of our patients. Amyloidosis of the stomach was noted in one of our patients 10 years after the initial presentation of laryngeal disease. Many cases reported in the English literature also document multifocal or systemic amyloidosis (1, 4, 7-10, 14,  30, 40 ), but only rarely was a true B-cell neoplasm documented (1, 40) . None of our cases had documented serum or urine electrophoretic abnormalities, and none of our patients developed multiple myeloma or an overt B-cell malignancy. Although a plasma cell dyscrasia could not be documented in any of our cases, an associated monoclonal B-cell proliferation was present. Furthermore, the three patients who developed recurrent disease and who also demonstrated multifocal disease, demonstrated light chain restriction by immunohistochemical studies. Therefore, in view of the mucosal presentation of LA, the recurrence and multifocal presentation in other mucosal sites, the monoclonal nature of the associated lymphoplasmacytic infiltrate in three cases, and a lack of systemic plasma cell dyscrasias in all of our cases, we believe that at least a few LA cases may be the result of an immunocyte dyscrasia or lymphoproliferative disorder with an origin from mucosa-associated lymphoid tissue (MALT) (1, 4, 6, 7, 17, 29, 40) . In fact, MALT lymphoma has been associated with amyloid deposition in other anatomic sites (41) (42) (43) (44) .
There is a difference in the biologic behavior and clinical management between isolated LA and secondary amyloidosis, extramedullary plasmacytoma, multiple myeloma, and neuroendocrine carcinoma, in which amyloid deposition can occur. A wide variety of studies have suggested separating laryngeal amyloid from these other conditions. A clinical and laboratory assessment, including a search for lymphadenopathy, radiographic imaging (chest x-ray, skeletal survey, urinary and digestive tract evaluation), electrocardiogram, peripheral blood smear examination, complete blood count, bone marrow biopsy, tissue assessment for systemic amyloid, and clinical laboratory studies (erythrocyte sedimentation rate, liver chemistries, renal function studies, quantitative immunoglobulin assay, serological test for rheumatoid arthritis, urine analysis, urine and/or serum electrophoresis, Bence-Jones protein analysis) has been suggested to ascertain the true nature of the process (1, 7, 14, 17-19, 25, 35) . Furthermore, as indicated clinically, a rectal, lip, gum, kidney, spleen, liver, endomyocardial, skin, or small-bowel biopsy and/or abdominal fat aspirate may be performed to exclude systemic disease. An endoscopic examination of the aerodigestive tract may be necessary, given the high incidence of multifocal involvement by the disease (1, 3, 8, 9, 17, 19, 25, 27) . As noted, none of our patients demonstrated evidence of lymphadenopathy, multiple myeloma, or an overt B-cell neoplasm. However, stomach amyloidosis was documented in a single patient, along with the development of multifocal disease within the upper respiratory tract, trachea, and main bronchi of three patients. The airway disease was documented within a short time of the initial laryngeal presentation and so may be part of multifocal disease at the time of initial presentation. Therefore, although it may not be necessary to perform the entire gamut of investigative studies in each individual patient, a tailoring of these radiographic, laboratory, and invasive procedures to each individual patient to exclude systemic disease is suggested.
Other diseases can also be associated with amyloid in the larynx, including small cell carcinoma of the larynx or a medullary carcinoma of the thyroid that has invaded the larynx. This diagnostic differential usually can be assessed with the application of immunohistochemical antibodies for keratin, chromogranin, calcitonin, or other neuroendocrine markers. The determination of a serum calcitonin level can help to distinguish between a primary laryngeal tumor (serum elevation absent) versus a metastatic/invasive tumor from the thyroid gland (serum elevation present). A number of other disorders are included in the differential diagnosis of LA. Ligneous conjunctivitis, a hereditary or familial disease, presents as pseudomembranous-covered, fibrous, woody, plaque-like deposits in the larynx or trachea of accumulated acid mucopolysaccharides and hyaluronic acid surrounded by inflammatory cells and vessels. These deposits are negative for amyloid stains and present with a different clinical picture (45) . Lipoid proteinosis (hyalinosis cutis et mucosae) may have a similar clinical appearance to amyloid but tends to have a more widespread extracellular deposition of amorphous hyaline lipoproteins (neutral and acid mucopolysaccharides) in the skin and mucous membranes. They are negative for amyloid stains (46) . Hyalinized-type vocal cord nodules or polyps usually lack an associated lymphoplasmacytic infiltrate (if present, it is not usually at the periphery of the lesion) and are usually negative for methyl violet and Congo red (13, 23) .
LA seems to be an indolent process, with patients living a long time with evidence of recurrent disease. Even patients who died with disease were alive for more than 10 years after their initial pre-sentation. Therefore, it is important to have sustained and regular long-term follow-up of these patients to assess accurately the disease progression, using conservative clinical management to preserve laryngeal function for as long as possible (1, 6 -8, 13, 14, 16, 19, 23, 25, 37, 40) .
In summary, LA is an uncommon disorder that usually represents a form of localized amyloidosis. However, LA may occasionally be associated with multifocal and/or systemic disease. No specific laryngeal anatomic site seems predisposed to amyloid deposition (supraglottic or vocal cord). Recurrent and/or persistent laryngeal disease is common. Some LA cases may represent immunocyte dyscrasias of MALT, and evidence of an associated monoclonal lymphoid process may portend a worse clinical outcome. Conservative surgical intervention to maintain laryngeal function for as long as possible and long-term clinical follow-up to disclose recurrent/residual disease are suggested. Although the possibility of systemic disease is low, appropriate clinical, radiographic, and laboratory investigation to rule out systemic disease and to subclassify correctly the form of amyloidosis is recommended.
